INTRODUCTION
============

The microbiota of the human gastrointestinal (GI) tract includes colonized microbes and their genes, proteins, and metabolites. The function of the gut microbiota in human health and disease is becoming widely recognized. Many researchers have reported on gut microbiota-related adverse events from development to senescence, including developmental defects \[[@b1-jlm-08-001],[@b2-jlm-08-001]\], metabolic diseases \[[@b3-jlm-08-001]\], and neuro-degenerative diseases \[[@b4-jlm-08-001],[@b5-jlm-08-001]\]. Additionally, dysbiosis in the gut has been associated with clinically relevant conditions, such as inflammatory bowel disease (IBD) \[[@b6-jlm-08-001]\], irritable bowel syndrome (IBS) \[[@b7-jlm-08-001]\], obesity \[[@b8-jlm-08-001]\], type 2 diabetes \[[@b3-jlm-08-001]\], Alzheimer's disease (AD) \[[@b4-jlm-08-001]\], and Parkinson's disease (PD) \[[@b5-jlm-08-001]\], to name a few. Accordingly, many studies have suggested microbiome-targeted approaches could be promising therapeutic strategies for various diseases through the oral administration of pre/probiotics \[[@b9-jlm-08-001],[@b10-jlm-08-001],[@b11-jlm-08-001]\] and/or application of the fecal microbiota transplantation (FMT) method \[[@b12-jlm-08-001]\]. However, a change in the gut microbiota related to aging is less understood. Therefore, we discuss the gut microbiota related to aging in this review for a better understanding of the relevance between dysbiosis in the gut and aging in the host.

MICROBIOTA
==========

Many physiological actions occur via trillions of microbes in the human gut. Additionally, the biogeography in the gut is decided through the dominant phylum \[[@b13-jlm-08-001],[@b14-jlm-08-001]\], which is affected by the mode of delivery, regional environment \[[@b15-jlm-08-001]\], diet \[[@b13-jlm-08-001]\], use of antibiotics \[[@b16-jlm-08-001]\], and age \[[@b17-jlm-08-001],[@b18-jlm-08-001]\]. The gut microbiota is mainly comprised of four phyla (*Firmicutes*, *Bacteroidetes*, *Actinobacteria*, and *Proteobacteria*), which occupy more than 90% of the total microbiota population. Composition of the microbiota changes during aging \[[@b19-jlm-08-001]\]. Gram-negative bacteria increase in number during aging and secrete lipopolysaccharide, which acts as an endotoxin and induces inflammation in the human gut \[[@b20-jlm-08-001]\]. The gut microbiota also affects various signaling pathways, such as inflammation and oncogenesis, as well as brain function in the hippocampus related to memory and anxiety \[[@b21-jlm-08-001]\].

METABOLITES
===========

The exact mechanisms by which short chain fatty acids (SCFAs) relate to signaling pathways, including G-protein coupled receptor 41 and 43, and the genesis of obesity, colitis, and asthma, are still under investigation \[[@b22-jlm-08-001]\]. SCFAs are important metabolites produced by the fermentation of fiber-rich diets or indigestible carbohydrates, and are comprised of three molecules: acetate, butyrate, and propionate \[[@b8-jlm-08-001],[@b23-jlm-08-001]\]. Fermentation may lead to the secretion of mucins, which protect the intestinal mucosa from entering pathogens. SCFAs and their receptors also act on the acute immune response to pathogens \[[@b24-jlm-08-001]\]. Therefore, the synthesis of SCFAs by the gut microbiota is an anti-inflammatory effect to reduce the incidence of diseases such as colorectal cancer \[[@b23-jlm-08-001]\]. However, the amount of SCFAs is decreased in elderly people. Decreased SCFAs can aggravate the immune system.

BRAIN-GUT AXIS
==============

Many researchers have reported a relationship between altered gut microbiota and the brain. There is bidirectional communication between the brain and gut microbiota, which plays an important role in brain activity and the GI tract \[[@b25-jlm-08-001],[@b26-jlm-08-001],[@b27-jlm-08-001]\] ([Fig. 1](#f1-jlm-08-001){ref-type="fig"}). The gut microbiota is not only essential for normal central nervous system development but it is also related to diseases. The expression of postsynaptic density protein (PSD) 95 is upregulated in germ-free (GF) animals compared to conventional animals. Previous studies have reported that increased expression of PSD95 is related to anxiety-like behavior in GF models \[[@b28-jlm-08-001]\]. The gut microbiota regulates the maturation and activity of microglia, which are formed by immune cells \[[@b29-jlm-08-001]\]. Thus, GF animals exhibit an impaired innate immune response. Many researchers have postulated that altered gut microbiota not only affects peripheral inflammation but also neurobehavioral specification in animal models. For example, peripheral inflammation in the gut is related to changes in the brain-gut connection. There is also a close relationship between IBS and neurobehaviors such as anxiety and depression \[[@b30-jlm-08-001],[@b31-jlm-08-001]\]. Additionally, adult hippocampal neurogenesis is related to learning and memory functions, and affects neurological diseases, including AD, PD, and epilepsy \[[@b32-jlm-08-001],[@b33-jlm-08-001]\]. The gut microbiota regulates the permeability of the blood brain barrier \[[@b34-jlm-08-001]\], which acts as a mesh in the brain and affects the genesis of vascular malformations resulting in stroke and epilepsy. Tang and colleagues reported that a cerebral cavernous malformation mouse model infected with gram-negative bacteria exhibited more abnormal vessels than the control group and microbes were discovered in their spleens \[[@b35-jlm-08-001]\], indicating a specific connection between the gut and brain. Investigation of the gut microbiota and their metabolites may lead to the development of new drugs for the treatment of many diseases.

AGING AND ITS RELATED DISEASES
==============================

Regardless of country, race, and wealth, people all over the world are concerned about well-aging because of increased life expectancy. Aging is accompanied not only by a loss of physiological function and diversity in the gut microbiota but also by reduced physical abilities, including muscle and digestive power \[[@b36-jlm-08-001],[@b37-jlm-08-001]\]. Many researchers have indicated that the use of antibiotics affects altered gut microbiota in elderly people. Treatment with antibiotics in the human gut affects genetic changes \[[@b38-jlm-08-001]\], vitamin production \[[@b39-jlm-08-001]\], digestion \[[@b40-jlm-08-001]\], microbe diversity \[[@b41-jlm-08-001]--[@b43-jlm-08-001]\], the immune system \[[@b44-jlm-08-001]\], and colonization \[[@b45-jlm-08-001],[@b46-jlm-08-001]\].

1. Alzheimer's disease (AD)
---------------------------

AD is a typical neurodegenerative disease and is the most common cause of dementia in elderly people, appearing as cognitive impairment. The incidence of AD will be sustained in the future because the aging population is increasing in nearly every country \[[@b4-jlm-08-001]\]. A correlation between AD and the gut microbiota has been investigated; and these articles have shown that brain-derived neurotrophic factor (BDNF), a neurotrophin that plays an important role in synaptic plasticity and cognitive function, is decreased in GF animals \[[@b47-jlm-08-001],[@b48-jlm-08-001]\] and in patients with AD. Accordingly, the mRNA expression of N-methyl-D-aspartate (NMDA) receptor 2A and 2B \[[@b49-jlm-08-001]\], which also contribute to synaptic plasticity and cognitive function, are downregulated in the cortex, hippocampus, and amygdala, respectively. However, the administration of probiotics improves cognitive function, learning, and memory, and restores the expression of BDNF \[[@b26-jlm-08-001],[@b27-jlm-08-001]\].

2. Parkinson's disease (PD)
---------------------------

PD is characterized both clinically and neuropathologically by neurodegenerative changes. One of the most important clinical signs of PD is that individuals with this disease are accompanied by GI symptoms \[[@b5-jlm-08-001]\]. Many researchers have reported that dysregulation of the brain-gut axis may affect the pathogenesis of PD \[[@b25-jlm-08-001]\]. Dysbiosis in the gut disrupts the epithelial barrier and alters intestinal permeability \[[@b50-jlm-08-001]\], which affects the immune system. Also, dysbiosis in the gut has an effect on occurrence of abnormal brain-gut axis, which builds a hierarchic four levels: enteric nerve system -- prevertebral ganglia -- autonomic nervous system in spinal cord -- brain center including basal ganglia, results in pathogenesis of PD \[[@b5-jlm-08-001]\]. Additionally, intestinal inflammation may induce misfolding of *α*-synuclein, which plays a major role in the development of PD \[[@b51-jlm-08-001]\]. Inflammation in the GI tract may also lead to brain inflammation and dopaminergic neuron damage.

INTERVENTIONS
=============

Many approaches have been recommended to maintain homeostasis and diversity of the gut microbiota in humans. Genes, proteins, and metabolites of the gut microbiota provide energy and nutrients to the host organism through fermentation and affect the integrity of the epithelial layer and offer protection from an inflammatory reaction in the GI tract \[[@b52-jlm-08-001]\]. One of the most important things that affects the gut is the diet (e.g., consuming a Western diet, such as high-fat, sugar-rich foods can aggravate dysbiosis) \[[@b13-jlm-08-001]\]. Currently, most people take prebiotics and probiotics for a healthy gut. Doctors also perform FMT for patients with IBD, IBS, chronic colitis, and *Clostridium difficile* infection \[[@b53-jlm-08-001]\] ([Fig. 2](#f2-jlm-08-001){ref-type="fig"}).

1. Prebiotics and probiotics
----------------------------

Prebiotics are selectively fermented ingredients that activate specific microbes, such as *Bifidobacterium* and *Lactobacillus*, and benefit healthy individuals as well as those with GI tract diseases \[[@b54-jlm-08-001]\]. A previous study reported that taking prebiotics resulted in increased *Bifidobacterium*, anti-inflammatory cytokines, and decreased pro-inflammatory cytokines, which may lead to reduced gut inflammation in elderly people \[[@b55-jlm-08-001],[@b56-jlm-08-001]\]. The administration of prebiotics also affects the growth of beneficial microbes, such as *Lactobacillus*, and facilitates the synthesis of metabolites, such as SCFAs, which hamper the growth of intestinal tumors and promotes the absorption of minerals, such as calcium and magnesium, in the host gut \[[@b57-jlm-08-001]\].

Probiotics are defined as live microorganisms that are advantageous for a healthy gut \[[@b58-jlm-08-001]\]. Probiotics are used to improve or restore dysbiosis, GI tract diseases, and antibiotic treatment-related symptoms. A recent study described the benefits of probiotics in old rats. Long-term potentiation (LTP) was decreased in the hippocampus of old rats. The same researchers investigated a relationship between altered gut microbiota and reduced LTP in an aging rat model \[[@b59-jlm-08-001]\]. The administration of probiotics altered colonization of the gut microbiota and increased the expression of neural plasticity-related genes, such as BDNF and synapsin, and improved memory function \[[@b59-jlm-08-001],[@b60-jlm-08-001]\].

2. Diet
-------

Consuming fiber-rich diets or indigestible carbohydrates promotes the production of SCFAs via fermentation by microbes and maintains a healthy gut environment \[[@b19-jlm-08-001]\]. Moreover, vitamin D, which is affected by sunlight, is another important factor in the aging process. Levels of 7-dehydrocholesterol in the skin of older people are decreased compared to younger people \[[@b61-jlm-08-001]\]. A deficiency in vitamin D affects homeostasis and calcium absorption \[[@b62-jlm-08-001]\]. Elderly people do not consume as much vitamin D as younger people because of a decreased sense of taste and smell \[[@b19-jlm-08-001]\]. Additionally, a lack of vitamin D may alter the gut microbiota, which weakens the immune system \[[@b62-jlm-08-001]\]. Therefore, it is important for elderly people to consume a fiber-rich diet since these foods act as prebiotics and exert a positive effect on the gut microbiota.

3. Fecal microbiota transplantation (FMT)
-----------------------------------------

FMT transfers the gut microbiota from a healthy donor to a recipient with intestinal disease. The fecal microbiota in the donor can be separated from stool and cryopreserved \[[@b53-jlm-08-001]\]. Transplantation of stored healthy microbiota can be transferred by various methods, including enema and oral administration. FMT normalizes the colonization and action of the gut microbiota in patients with *Clostridium difficile* infection \[[@b63-jlm-08-001]\]. Moreover, restored intestinal communities of the microbiota can suppress pathogens by various routes, such as activation of the immune system and metabolite synthesis. Elderly people want longevity without disease, and many researchers have found evidence that the gut microbiota may be involved. Smith et al. reported that the life span of older turquoise killifish was extended by recolonizing the gut microbiota by feeding them the feces of younger killifish \[[@b64-jlm-08-001]\].

CONCLUSION
==========

The number of elderly people continues to increase and many elderly people are concerned with well-dying and want a high quality of life. Although the gut microbiota affects processes ranging from development to aging, we do not understand its underlying mechanisms. Previous studies have suggested that pre/probiotics exert beneficial effects in elderly people and have identified a correlation between degenerative diseases and the gut microbiota. Additionally, the administration of pre/probiotics and intake of a fiber-rich diet and indigestible carbohydrates may reduce the socio-economic cost of healthcare in the aging population. We conclude that maintaining a healthy gut microbiota may lead to a reduced incidence of disease and result in longevity.
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![Relationship between dysbiosis in the gut microbiota and disease. (A) A bidirectional communication is present between the brain and gut. The gut passes a signal to the brain via the intrinsic primary afferent nerve and the vagus nerve. The brain also regulates the gut through neurologic, immunologic, and hormone messages in various physiopathological conditions. (B) Dysbiosis in the gut microbiota affects several neurological and gut-related diseases. ASD, autism spectrum disorder; AD, Alzheimer's disease; PD, Parkinson's disease; IBD, inflammatory bowel disease; IBS, irritable bowel syndrome; CDI, *Clostridium difficile* infection.](jlm-08-001f1){#f1-jlm-08-001}

![Factors that affect the gut microbiota and gut microbiotaderived materials. Various factors, including pre/probiotics, diet, and FMT, affect homeostasis and diversity of the gut microbiota. Trillions of microbes are present in the gut along with their genes, proteins, and metabolites. Metabolites, such as SCFAs, are present due to fermentation. SCFAs, short chain fatty acids.](jlm-08-001f2){#f2-jlm-08-001}
